From Baryon Acoustic Oscillation measurements with Sloan Digital Sky Survey SDSS DR14 galaxies, and the acoustic horizon angle * 
Introduction and Summary
From a study of Baryon Acoustic Oscillations (BAO) with Sloan Digital Sky Survey (SDSS) data release DR13 galaxies and the "sound horizon" angle MC m Ω = ± [3] . Due to the growing tension between these measurements, we decided to repeat the BAO analysis in Reference [1] , this time with SDSS DR14 galaxies.
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The main difficulty with the BAO measurements is to distinguish the BAO signal from the cosmological and statistical fluctuations. The aim of the present analysis is to be very conservative by choosing large bins in redshift z to obtain a larger significance of the BAO signal than in [1] . As a result, the present analysis is based on 6 independent BAO measurements, compared to 18 in [1] .
We assume flat space, i.e. 0
k Ω =, and constant dark energy density, i.e. . We adopt the notation of the Particle Data Group 2018 [4] . All uncertainties have 68% confidence.
The analysis presented in this article obtains 0.2724 0.0047
m Ω = ± so the tension has increased further. We present full details of all fits to the galaxygalaxy distance histograms of the present measurement so that the reader may cross-check each step of the analysis. Calibrating the BAO standard ruler we obtain eV. This result is sensitive to the accuracy of the direct measurements of 8 σ .
Measurement of Ωm with BAO as an Uncalibrated Standard Ruler
We measure the comoving galaxy-galaxy correlation distance drag d , in units of 0 c H , with galaxies in the Sloan Digital Sky Survey SDSS DR14 publicly released catalog [6] [7], with the method described in Reference [1] . Briefly, from the angle α between two galaxies as seen by the observer, and their . See Table 1 and Table 2 for details.
The challenge with these BAO measurements is to distinguish the BAO signal from the cosmological and statistical fluctuations of the background. Our strategy is three-fold: 1) redundancy of measurements with different cosmological fluctuations, 2) pattern recognition of the BAO signal, and 3) requiring all three fits for d α , / d , and ˆz d to converge, and that the consistency relation
Regarding redundancy, we repeat the fits for the northern (N) and southern (S) galactic caps; we repeat the measurements for galaxy-galaxy (G-G) distances, galaxy-large galaxy (G-LG) distances, LG-LG distances, and galaxy-cluster (G-C) . See Table 1 and Table 2 for . So the observed BAO signal has an unexpected "step-up-step-down" shape, and is narrower than implied by the simulation in reference [8] .
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The selections of galaxies are as in [1] with the added requirements for SDSS DR14 galaxies that they be "sciencePrimary" and "bossPrimary", and have a smaller redshift uncertainty zErr < 0.00025.
The fitting function has 6 free parameters, corresponding to a second degree polynomial for the background, and a "smooth step-up-step-down" function (described in [1] . The independent triplets of fits selected for further analysis, are indicated with a "*", and are shown in Figure 1 and Figure 2 , with further details presented in Table 2 . We note that each measurement of Table 1 , together with the sound horizon angle * θ obtained by the Planck experiment [3] , is a sensitive measurement of m Ω as shown in Table 3 . (see [1] ) from SDSS DR14 galaxies with right ascension 110˚ to 270˚, and declination −5˚ to 70˚, in the northern (N) and/or southern (S) galactic caps. Uncertainties are statistical from the fits to the BAO signal. No corrections have been applied. The independent measurements with a "*" are selected for further analysis. The corresponding fits are presented in Figure 1 and Figure 2 , and details are presented in Table 2 . Details of the fits selected for the final analysis (indicated by a "*" in Table 1 ).
Note that the significance of the fitted signal amplitudes (relative to the background) A range from
2.1
A A σ = to 9.8. Table 3 . (5), (6), and (7) Table 5 . The peculiar motion corrections were studied with the galaxy generator described in [5] [9] . Results of these simulations are shown in Table 4 , for G-G distances, for two cases: "correct ( ) 
( )
P k is currently not understood.) All of these G-G corrections, and also the corrections for LG-LG and G-C, are in agreement, to within a factor 2, with the corrections applied in [1] that where taken from a study in [11] . In summary, in the present analysis we apply the same peculiar motion corrections as in [1] 
We take half of these corrections as a systematic uncertainty. The effect of these corrections is relatively small as shown in Table 6 .
, and ˆz d are presented in Table 5 . These uncertainties are dominated by cosmological and statistical fluctuations, and are estimated from the root-mean-square fluctuations of many measurements, from the width of the distribution of Q, and from the issues discussed in the Appendix.
Fits to the two independent selected triplets d α , / d , and ˆz d indicated by a "*" in Table 1 , with the uncertainties in Table 5 , are presented in Table 6 .
Four Scenarios are considered. In Scenario 1 the dark energy density is constant, i.e. 
which has negligible dependence on h or m ν ∑ . Table 6 . Cosmological parameters obtained from the 6 independent galaxy BAO measurements indicated with a "*" in Table 1 in several scenarios. Corrections for peculiar motions are given by Equation (1) 
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from the Planck "TT, TE, EE + lowE + lensing" analysis, with the uncertainty from Equation (10) of Reference [3] . Note from (4) and Equation (10) of
Reference [3] that (5) is insensitive to cosmological parameters, so the uncalibrated analysis decouples from h or
We can test (5) experimentally. From Table 6 we obtain drag 0.03487 0.00052 d = ± . From (4) and (2) we obtain * 0.03363 0.00174 d = ± , so the measured drag * 1.037 0.056
To the 6 independent galaxy BAO measurements, we add the sound horizon angle * θ , and obtain the results presented in Table 7 . Note that measurements B. Hoeneisen International Journal of Astronomy and Astrophysics Table 7 . Cosmological parameters obtained from the 6 independent galaxy BAO measurements indicated with a "*" in Table 1 As a cross-check of the z dependence, from the 4 independent fits to d α at different redshifts z presented in Figure 3 , plus * θ , we obtain 0.2745 0.0040, To check the stability of d α , / d , and ˆz d with the data set and galaxy selections, we compare fits highlighted with "*" and "&" in Table 1 , and also fits in Figure 5 .
Additional studies are presented in the Appendix. 
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Measurement of H0 with BAO as a Calibrated Standard Ruler
We consider the scenario of flat space and a cosmological constant. It is useful to B. Hoeneisen International Journal of Astronomy and Astrophysics present approximate analytic expressions, tho all final calculations are done directly with fits to the measurements marked with a "*" in Table 1 and numerical integrations to obtain correct uncertainties for correlated parameters.
To calibrate the BAO measurements, we integrate the comoving photon-electron-baryon plasma sound speed from 
The acoustic angular scale is ( ) 
in agreement with Equation (11) of [3] .
Let us now consider the measurement of h. From the galaxy BAO measurements in Table 6 at 68% confidence [4] . From this data and Equations (5) and (10) The Planck measurement of * θ allows a more precise measurement of h.
From Table 7 , we obtain 0.2724 0.0047 
Studies of CMB Fluctuations
In Table 9 , we present a qualitative study of the sensitivity of the CMB power spectrum ( ) ( ) eV. We find that the differences in spectra range from 0.11% to 0.3% of the first acoustic peak, see Figure 6 . So the CMB power spectrum, while being very sensitive to constrain * θ , has low sensitivity
In view of the low sensitivity of the CMB power spectra to constrain m Ω , the Planck analysis can benefit from a combination with the direct measurement of m Ω given by Equation (6) . The combination, obtained with the "base_mnu_plikHM_TTTEEE_lowTEB_lensing_*.txt MC chains" made public by the Planck Collaboration [3] , is presented in Table 10 . This combination is preliminary due to the sparseness of the MC chains at low values of m Ω . International Journal of Astronomy and Astrophysics Table 10 . Combination of the Planck 2018 "TT, TE, EE + lowE + lensing" analysis [3] with the directly measured 0.2724 0.0047
. Uncertainties are at 68% confidence.
The Planck , corresponding to 0.11% of the first acoustic peak, so the two spectra can not be distinguished by eye.
Tensions
We consider four direct measurements: 1) Table 10 ) we obtain differences of 3.5σ, 2.5σ, 1.8σ, and 4.9σ, respectively. Comparing these measurements with the Planck + Ω m combination (right hand column of Table 10 ) we obtain differences of 2.1σ, 2.3σ, 1.5σ, and 2.1σ, respectively. In conclusion, the Planck + Ω m combination reduces the tensions with the direct measurements. Note that the Planck + Ω m combination has 8 σ greater than the direct measurements. This 2.7σ tension may be due to neutrino masses.
Update on Neutrino Masses
We consider the scenario of three neutrino flavors with eigenstates of nearly the same mass, so 
with zero degrees of freedom, in agreement with [5] where the method is explained in detail. 
with zero degrees of freedom.
To strengthen the constraints from the two direct measurements of 8 σ , we add to the fit measurements of fluctuations of number counts of galaxies in spheres of radii 16/h, 32/h, 64/h, and 128/h Mpc, as explained in [5] . We obtain Table 4 and Table 5 of Reference [1] can be compared with Table 6 and   Table 7 of the present analysis. We find agreement between all measurements when d in Reference [1] is identified with * d in the present analysis. We find that d in Table 4 of Reference [1] is biased low with respect to drag d in Table 6 of the present analysis. For the scenario of flat space and a cosmological constant, Table 1 , and see Figure 5 .
As an extreme test, we divide the bin 0.425 0.725 z < < into 6 sub-samples: To reduce this bias, in the present analysis we require the significance of the fitted relative amplitudes 2 A A σ > , instead of >1 for Reference [1] . The price to pay is that we obtain only 2 independent bins of z, instead of 6.
3) A study of the BAO signal
The BAO signal has a "step-up-step-down" shape with center at d and half-width ∆ . The widths of fits vary typically from 0.0017 ∆ = to 0.0025, see Table 2 . We have used the center d as the BAO standard ruler, but could have 
